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EFFECT OF FUSELAGE AIR BRAKES ON TRE LONGmUDINAL 

STABILITY CHARACTERISTICS OF A SWEPT-WING 

FIGHTER MODEL AT TR,ANSOJSiC SPEEDS 
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NATIONAL- ADVISORY C O W T E F :  FOR AERONAUTICS 

By Donald D. Arabian 

An investigation was conducted on a kOo skFept-wing fighter nodel 
a t  transonic speeds t o  determine the   e f fec t  of extending a fuselage- 
type air brake located  near  the wing t r a i l i n g  edge.  Force a& mpent 
data acd wing pressu_res are  presented  for a range of bkch nunbers m d  

coefficient due t o   t h e  extended brekes w a s  about 0.03 izp t o  a Mach mm- 
ber of about 0.94 aEd decreased up t o  a Mach  nurcber of 1.0. The ezfec- 
tiveness or' t h e   a i r  brakes was reduced  because of t h e i r  proximity to 
the  wing. The change of the  longi tu6lml  s tabi l i ty   with extended air 
brakes  required  stsbilizer changes 02 21' or  less f o r  m i n t a i d n g  a 
trinoled lift coefficient. 

4 a-g les  of attack. The resul ts   indicated  that   the  increment of drag 

INTRODUCTION 

A i r  brakes have become sn  ecceyted aad often  essential   control 
devlce 011 present-day  Clem-desip-  jet-powered  airplanes,  groviding 
additiollzl meuver ing   ab i l i t y  as well as a safe mans of reducing 
speed.  Future  high-speed  jet-powered t r a s g o r t s  rmy like-wise enqloy 
air brakes in order t o  exploit flrlly the i r  nerfornance  possibilities. 
Tie  increases i n  drag  that   resul t  from the  use of air brakes have been 
measwed i n  win6 tunnels and flight tests f o r  a large  variety of brakes. 
Hany of these *ta are  summrized i n  reference 1. The design and loca- 
t ion  of a i r  brakes as a speed control s h o d 6  have little or  no e f f ec t  
011 the   a i rphne  forces  -6 monents other  than to   increase the drag 
when  Ysle brakes are  extencZed. Restrictions  therefore  nust be placed 

nay be acceptzble i s  an air brake  stteched t o  the fuselage  close  behind 
the wing t r a i l i n g  edge as found in   this   invest iget ion.  The geometry was 

. on the  locations of various type  brakes. One of these locations which 
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chosen so that  the  drag  increxent  due to the  extended  brakes wes of 
the  order  presently  enployed on airplanes.  The  transonic  data  presented 
include  pressure  measurements  on t're wing as well as force  an& moment 
data  for a swept-wing  fighter  model  with  closed  brakes  and  with  the 
brakes  extendied  about  the  hinge  line 36'. The  longitudinal  and  lateral 
static  stability  characteristics  of  the  model  with  closed  brakes  are L. 

presented in reference 2. 

SYMBOLS 

mean aerodynamic chord,  ft 

uicg  span, ft 

&eg  coefficient, mag 
ss 

incremental  drag  coefficient  &ue  to  extenced  air  brakes 

lift coefficient, Lift  (2s 

pitching-moment  coefficient, Pitching  moment 
qse 

wing  area, sq ft 

free-strean Qnamic gresswe, lb/sq  ft 

Mach  number 

mgle of  attack  (neaszred  with  respect  to  fuselage  reference}, 
deg 

stabilizer  deflection  (positive  deflectior &own), deg 

increnent of stabilizer  deflection  for  trimved  flight 

local  static pre~sure, lb/sq ft 

Tree-strem static  presstre, lb/sq ft 

R 
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The general  arrmgement of the swegt-willg f ighter  model is  shm- 
in  f igure 1. The geometry of the wing was as  r'ollows: aspect   ra t io  3.43, 
tEger r a t i o  0.578, quarter-chord l i n e  sweep 40°, and NACA &A010 air- 
foi l   sect ions normal t o  the  quarter chord. Tce inctdence of the w i n g  
was 1.50 with  respect t o   t h e  i22sehge reference  line. The  wing incor- 
porated t w o  mdificet ions:  two fences were ins ta l led  on each wing  pen-el, 
and the  leading edge  outboard or" the  outernost  fence was mdi f i ed  which 
i s  characterized  principally by having  double  tile  leading-edge radius 
or" the   basic   a i r foi l   sect ion.  The wing i n l e t s  were ducted t o  e a e l  air 
eroun6 the  st ing through %he tail pipe. 

A detail   sketch of %he air brakes i s  shown ir- figure 2. The 
leading edges of the  brakes w e r e  located 0.23 foot aft  of the t r a i l i ng -  
edge I22selage intersectior, on eech side of the  r'uselage. The sum of 
the  plan-viev  areas of both brakes if unserforated woizld be 0.26 sqpare 
foot or  &boat k percent of the wing &re&. The t o t a l  perfora-led .mea i s  
0.04 squere  foot. The nethod of a t tach ing   t i e   f lap   in   the  extended 
posrtior, i s  shown in   t he  rear-view  photograph of Cigure 3. 

A t ~ i c a l  photograph of the mdel w i t h  closed  brakes mounted i n  
the  16-foot  tunnel i s  shm- in  figure 4. 

Tests 

The t e s t s  were conducted i n   t h e  Langley 16-foot  transonic  tunnel 
for  a Mach rider range -4roni 0.80 t o  1.05 w:nlch corres onded t o  a 
Reynolds nmber range fron about 5 .I x 106 t o  5 .k x 10 % based on the 
-!!In& nean aerodynanic chord. The angle of a t tack w&s varied from -20 
t o  80 for  roost of the Mzch  number range. The  model was t es ted  w i t h  
t he   a i r  brakes  extended (rotated forward 560 about -L:ne hinge l i n e )  ar-d 
closed. A horizontal- ta i l   se t t icg of Oo k<th respect t o  the  fuselage 
reference  l ice was used for this  investigation. 

The forces mcl moment were measured by a strain-gage b a b c e  which 
was mur-ted i_n_tersalLy. The data were corrected by edjusting  the  base 
presswe  to  Tree-stream stat ic   pressure and by subtractin4  the  internal 
drag. The balance  date  are  gresented  with  respect t o  the 21-percent 
me=- aerodynznic  chord. The angle of a t tack was measured with  respect 
t o  the  xkselage  reference  line. Wing pressure  neasurenents were mde 
at the spanwise s-lations or" 22.8, 37.6, an6 74 percelzt of the semispan 

40, 50, 60, 70, 75, 80, 85, 90, and 95 percent of the chord. 
- for the upper m d  lower chordvise  statior-s of 1.25, 2.5, 3, 10, 20, 30, 
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RESULTS 

The force ar.d  moment data are presented as coefficients  in  f igure 5 
for  the  closed ~lnd extended air brakes  over the tested Yach  number range. Y 

I2 general, the resu l t s  showed t3at for  nost  of the angles of attack, 
t3.e extended eir brakes  reduced  the l i f t  coefficien-l. There was an 
ebrupt change in  the slope or" the lift curve near en angle of attack 
of Oo for  Mach rxmbers  of 0.98 and higher. The increment of drag  coef- 
?icier-t i s  best shown in  f igure 5( a) for l i f t  coefficients a t  0 and 0.3. 
The incremental  drag  coefficient - i s  about 0.03 ug t o  a Yach number of 
about 0.94 and then  decreased t o  about 0.02 near Macb nunber 1.00. The 
drag coefficient  for  an  equivaient  projec-lea fht-plate are8 of the 
brakes based on tile w i n g  aree wodd be qproximately 0.045. The changes 
i n   t h e  static longitudinal  stabil i ty were generelly small except  close 
t o  zero lift coezficient a t  Mach numbers of 0.98 end higher where insta- 
b i l i t y  w a s  indicated ?or a very small rmge of l i f t  coefficient. 

DISCUSSION 

The resu l t s  can  be explained best by a study of w h a t  happens t o  
the wing pressures when the brakes are  extended. Lq figure 7, a com- 
parison of the chordwtse pressure  distributions  for the closed and 
extended air brakes i s  preser;ted for  angles of attack of -2O, Oo, and IC 
.md for Mach numbers  of 0 .go, 098, acd 1.03. Tliese con6itions are 
sufficient  to  furnish  representative pressure distribctions  for the 
investigetion. 

0 

The change or" tce lift-curve  slopes of figure 5 w a s  mainly associ- 
ated w i t h  the  change  of the  relative  posit ion of the predominant shock 
on the xpger- and lower-wing surfaces. This characterist ic w i l l  be 
noted in   f igure 7 for  the 22.8- and 37.6-percent sedspan wing stations 
for the   mch numbers of 0.98 and 1.03. For both of these Mach numbers 
a t  m angle of attack of -2' tlne chordwise location of the lower-surface 
shock iqas ahead of the upper-swr"ace shock so that -gositFve normal force 
occurs over a portion of the ckord between these shocks with the air  
brakes  extended. With t'3.e brakes close&  the  position of the ,oredomi- 
nant usper- and lover-surfece shocks was such that  there w e s  e i tner  a 
smll negative or essentiaiiy no  normal force  aver the portion of the 
chord near  the shocks.  Since  the normal loading on the  renaining por- 
t ions of the chord for both  configwetions wzs ap,oroximately the same 
l o r  speed brakes extended or closed, t ce   t o t e l  l i f t  was therefore 
higher for t he  model with the extended  brakes. The saxe ressective 
location of the shocks occurred for  an angle of attack of -lo although 
not  presented.  Increasir? t'ne angle of a t tack   to  Oo caused the 
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upper- and lower-surface shock locations  to  coincide  approximately with 

Vie l i f t  ciecreesed m-& became zero  or  slightly  negative  for the length 
of chord near  the shock waves. This decrease of l i f t  Oue t o  the shift 

of liTt over the remaining  portion of the chord resul t ing from the 
increase of  angle  of  attack, so that effectively  the l r f t  slope  decreased 
A €krrtcer increase of mg le  of a t tack t o  bo shows the lower-su_rface 
shock t o  shift  eft of the upper-surface shock wave fo r  the same two 
semispan stations.  Thus, negztive l i f t  w a s  produced  over the chord 
length between the two shocks. However, af t  of the lower-surface  shock 
l i f t  increases a t  a greeter rete w i t h  angle of atteck  than  the losses 
result ing fro= t'ne sh i f t  of the shock waves. Therefore, the slope of 
the l i f t  curve increased and actually becane somewhat greater than the 
l i f t  slope  for the closed  brake  configuratior. 

L eech  other a t  the 22.8- and 37.6-perce11t sedspez  s ta t ion.  As a result, 

- or" the upper- and lower-surfece shocks roughly  cancelled tln-e increese 

ProbEbly the nost  significent  factor t o  be noted i n  considering 
the drag  or  effectiveness of the air brekes was their e f fec t  on the 
mgnitude of the pressures on the a T t  parti011 of the wing (Fig. 7). 
The proximity o r  the  brakes t o  the w i n g  cEused a more posit ive pressure 
t o   e x i s t  on the aft portion of the wing with extended brakes tfian w i t h  
closed  brakes. The more posit ive pressure resu l ted   in  a decrease of 
the wing drag and an obscured  resuction of the air-brake effectiveness 
a t  a l l  Mach numbers. Appzrently, z more effect ive brake could be 
obtained by loceting the brake away from i ts  present  location  behind 
the wing t r a i l i n g  edge. There is, however, a Mach  number erYect indi- 
cate& by the wing pressures. A study of  the changes of the wing pressure 
distributions  for bhch numbers of 0.90 znd 0.98 icdicated that a greeter 
increase of pressure on the zf't portion  of the wing  occu-Fred  when the 
a i r  brakes were extended a t  the higher Yach number. Therefore, the 
reduction  in wing drag  arising  fromthe  greater  increased pressures at  
a Mzch  number of 0.98 resulted i n  less effectiveness of the eir brake 
e s  shovn i n  figure 6(a). For the Mach nunbers above 0.98 the change 
i n  the wing pressures when the brakes were exten&ed was found t o  be 
such as t o  decrease  slightly the reduction of effectiveness of the 
brakes. 

The s t a t i c  lor@tudin.zl i n s t ab i l i t y  shown i n  figure 5 at  l o w  lift 
coefficients wes 2 result of the shock (wave) locat iom on the upper 
and lover  surfaces 02' the -+ng explained i n  the discussion of the l i f t  
curve. Although the test renge did cot  include lift coefficients 
above 0.7, there i s  a poss ib i l i ty  that longitudinal imtability would 
occm et higher CL velues for the m o d e l  xi th extended air  brakes corn- 

* pared t o  the  closed brake configuration as evidenced by the deta of 
M = 0 .9 .  
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The  force  datz.  indicated  some  change  of  the  airplane  attitude 
muld  result from extendlng  the  air  brakes. A stuiiy  of  figure 5 shows 
the mgle of  attack  for  trim  will,  in  general,  increase  ebout lo at 
most  with  the  extension  of  the  brakes. A slight  a&ditional  change in 
the  attitude  will  result from the  change in stabilizer  setting  necessary I 

to trim  with  extended  brakes.  The  change  in  stabilizer  setting  required 
to mintain a trimmed  lift  coefficient  of 0.2 end 0.3 for  the  tested 
Mach  Tlumber  range  is  shown  in  figure  6(b)  (the  necessary  tail  character- 
istics  were  obtained f r o m  reference 3 with  the  additional  assump-Lion 
that  the  stabilizer  effectiveness  is  unchanged  with  brake  extension). 
Stabilizer  changes  of  about +lo or  less w e  shown.  Down-stabilizer 
deflections  are  required f o r  the  Mach  numbers  less  than  about 0.96 while 
up-stabilizer  deflections  are  required  for  the  higher  Mach  numbers. 

CONCLUSIONS 

The  following  conclusions  were drawn from the  results of the  inves- - 
tigation  of a fighter  model  with  closed  and  extended  air  brakes  located 
close  behind  the  wing on t'ne fuselage: 

1. The  increment  of  drag  coeflicient of the lllociel due  to  the 
extended  brakes vas about 0.03 up  to a Mach  number of about 0.94 and 
decreased  to  approximately 0.02 z;t a Mach  number  of 1.0 and above. The 
drag  coefficient for  z.n equivalent  projected  flat  plate  was  estimated 
to  be 0.&5. 

2. The  effectiveness of the  brakes  was  reduced  due  to  their  prox- 
imity  to  the  wing. 

3 .  The  change  of  the  static  longitudinal  stability  resulting from 
tine extended  brakes  required  stabilizer  changes of *lo or less  over  the 
Mach  number  range  investigEted  in  order to maintain a trimmed lifi 
coefTicient of 0.2 or 0.3. 

Langley  Aeronautical  Laboratory, 
Xztional Advisory Committee  for  Aeronautics, 

Langley  Field, Ve, . , 'January 9, 1956. 
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MODEL GEOMETRY 

Wing 
Airfoil semion normal to C/4 NACA 64AOIO 
Area excluding inlet extension ........ 6.63 sq f t  
Aspect ratio ........................ 3.43 
Taper ratio;, .................... 0.578 
Sweep a t  C/4. .  ................ .40" 
I ncidence.. .......................... I .  5" 

Area ........................... . . I . I 3 s q f t  
Aspect ratio ....................... 3:59 
Taper ratio ...................... I .O 
Sweep .............................. .40° 

Area ..................................... .O. 87 sq f t 
Aspect ratio ........................ I .68 
Taper  ratio ...................... .0.402 
Sweep C/4.. .......................... .41.27" 

Horizontal tail 

Vertical 'tail 

Pressure  stations r T  

"" 

" 

- 31. I 

Fuselage reference line 
/ 15.3 T 
I 

I 81.5 b 

Figure 1.- General arrangement of model. A l l  dimensions are i n  inches. 
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"" - . 

L 

Plan view area 0. I3 sq f t  
Perforated  area .02 sq ft 
Net plan view area I I sq f t  

Fuscloqe reference - 

Station 2.8 inches aft trailing  edge of wing 

Figure 2.- Detail of air brake extended 36 degrees. All 

Plan  vlew of broke 

djmensions arc i n  inches. 
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F i w e  3 . -  Rear view of t h e  model with air brakes extended. 
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E85379 
Figure 4.. - Model mounted  in the Langley l6-foot  transonic tunnel with closed air brakes. 

I 
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.98 A 

1.00 h 

1.05 0 

.94 

98 

I .a 

1 0 5  

(a) Lift;  coefficient. 

Figure 5. - L i f t ,  drag and pitching- 

(b) Drag coeff ic ient .  

-moment cha rac t e r i s t i c s  of the 
air  brakes. 

( c )  €'itching-moment 
coei'f i c i e n t  . 

model with extended and closed 

I I I I I I 
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.06+ 

.04.- 
a 
0 . - - 

.02:- "" 

Ot 
.80 .84 .88 .92 .96' I .oo 1-04 I .08 

Mach number, M 

(a) Increment of drag  coefficient. 

(b) Change of elevator   set t ing.  

Figure 6 . -  Effect of extended air brakes on CD and e leva tor   se t t ing   for   cons tan t  CL values. 
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4 L 
-. 8 

-. 4 
CP 

0 

.4 

CP 

.-. 8 

-. 4 

4 

M = 0.90 

"- Extended air brakes 
Closed air brakes 

.4' I I I 
-.4 -.2 0 .2 .4 .6 .8 I .o 

I I I 

Percent  chord - 
( E . )  a = -2'; M = 0.90. 

Figure 7.- Chordwise presswe  distrlbutions for three spanwise stations 
. 

for the model with exLended  and closed air brakes. Sheded areas indi- 
cate  negative lift. 

v 
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"- Extended air brakes 

Closed air brakes 
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CP 

0 

. 4  
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CP Ld --- 
0 

. 4  
-.4 -2 

Percent chord 

(a) a = -2'; M = 0.98. Contioued. 

Figure 7.- Continued. 
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"- Extended air  brakes 

Closed air brakes 
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CP 
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-. 4 
CP 

0 

.4 
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Percent chord 

(a) a = -2'; M = 1.03. Concluded. 

Figure 7.- ConSimed. 
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”- Extended air brakes 
Closed air brakes 

CP 

-. 8 

-. 4 

0 

.4 

74% e b - 

i 

I 

. e  c 
-.4 -.2 .2 .4 .6 .8 I .o 

Percent chord 

(b) a = Oo; M = 0.90. 

Figure 7.- Continued. 
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. 4  
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-. 4 
C P  

0 

.4 

I I I I I I I 

"- Extended air brakes 
Closed air brakes 

I I I I I I I 

-. 8 

-. 4 
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.4 

. 8  
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Percent chord 

K Upper 
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(b) a = Oo; M = 0.98. Continued. 

Figure 7.- Continued. 
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CP 

. 
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.4 

. 8  
- 4  

' 37.6% % 

"- Extended air brakes 
Closed air brakes 

74% 2 b 

-.2 

Lower 
\""" 

""H 

I I L I I 
I .2 .4 .6 .8 I .o 

Percent  chord 

(b) a = 0'; M = 1.03. Concluded. 

Figure 7.- Continued. - 
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CP 

Y 

I I I I I I I 

”- Extended air brakes 
Closed air brakes 

t.2 

-8 

.4 

0 

.4 
-.4 -.2 0 .2 .4 .6 .8 1.0 

Percent  chord 

(c) a = 4 O ;  x = 0.90. 

Figure 7.- ContinEed. 



4Y 

I I I I I I 1 

"- Extended air brakes 
Closed air brakes 

- .8 

CP 

- .4 

0 

"4 "2 0 .2 .4 .6 .8 I -0 
-1- 

Percent chord 

( c )  a = 4O; M = 0.98. Continued. 

Figare 7. - Continued. 
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.4 \ 
"- Extended air brakes 

Closed air brakes 
- 

- 37.6% 

- .8 - 

CP 
- .4 - 

0 

.4 I 

- .4 

0 

4 I I I I I I I I 
"4 "2 0 .2 .4 .6 .8 I .o 

Percent chord 

( c )  a = 4"; M = 1.03. Concluded. 

c 

Figure 7. - Concluded. 

NdCA - Lllgley Fhld .  Va. 


